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Background {#ams2379-sec-0005}
==========

Critically ill pediatric patients may experience physical and psychological distress associated with physiological imbalances, environmental stressors, and treatments (e.g., mechanical ventilation) in the pediatric intensive care unit (ICU). Sedatives are often required to ameliorate such distress and associated anxiety as well as decrease oxygen consumption. However, excessive sedation causes extended ventilator usage that can precipitate iatrogenic withdrawal syndrome and delirium.[1](#ams2379-bib-0001){ref-type="ref"}, [2](#ams2379-bib-0002){ref-type="ref"}, [3](#ams2379-bib-0003){ref-type="ref"} It is therefore important to maintain an optimal sedation state.

Clinical recommendations for sedation consist of the COMFORT scale, COMFORT behavior scale, and State Behavioral Scale (SBS).[4](#ams2379-bib-0004){ref-type="ref"} Both the COMFORT and COMFORT behavior scales assess not only sedation state but also pain,[5](#ams2379-bib-0005){ref-type="ref"}, [6](#ams2379-bib-0006){ref-type="ref"}, [7](#ams2379-bib-0007){ref-type="ref"} precluding their use for precisely calculating sedation states. As treatment differs based on the sedation and pain states of the patient, they must be evaluated independently. To this end, the SBS measures only sedation states, including agitation states, in critically ill children on mechanical ventilation receiving sedatives (Table [1](#ams2379-tbl-0001){ref-type="table"}).[8](#ams2379-bib-0008){ref-type="ref"} In addition, the SBS serves as a useful screening tool for iatrogenic withdrawal symptoms and delirium in the pediatric ICU.[9](#ams2379-bib-0009){ref-type="ref"}, [10](#ams2379-bib-0010){ref-type="ref"}

###### 

Original version of the State Behavioral Scale

  ----------------------------------------------------------------------------------------------------- ------------------------------------- -----------------------------------------------------------------------------
  −3                                                                                                    Unresponsive                          No spontaneous respiratory effort
  No cough or coughs only with suctioning                                                                                                     
  No response to noxious stimuli                                                                                                              
  Unable to pay attention to care provider                                                                                                    
  Does not distress with any procedure (including noxious)                                                                                    
  Does not move                                                                                                                               
  −2                                                                                                    Responsive to noxious stimuli         Spontaneous yet supported breathing
  Coughs with suctioning/repositioning                                                                                                        
  Responds to noxious stimuli                                                                                                                 
  Unable to pay attention to care provider                                                                                                    
  Will distress with a noxious procedure                                                                                                      
  Does not move/occasional movement of extremities or shifting of position                                                                    
  −1                                                                                                    Responsive to gentle touch or voice   Spontaneous but ineffective non‐supported breaths
  Coughs with suctioning/repositioning                                                                                                        
  Responds to touch/voice                                                                                                                     
  Able to pay attention but drifts off after stimulation                                                                                      
  Distresses with procedures                                                                                                                  
  Able to calm with comforting touch or voice when stimulus removed                                                                           
  Occasional movement of extremities or shifting of position                                                                                  
  0                                                                                                     Awake and able to calm                Spontaneous and effective breathing
  Coughs when repositioned/occasional spontaneous cough                                                                                       
  Responds to voice/no external stimulus is required to elicit response                                                                       
  Spontaneously pays attention to care provider                                                                                               
  Distresses with procedures                                                                                                                  
  Able to calm with comforting touch or voice when stimulus removed                                                                           
  Occasional movement of extremities or shifting of position/increased movement (restless, squirming)                                         
  1                                                                                                     Restless and difficult to calm        Spontaneous effective breathing/having difficulty breathing with ventilator
  Occasional spontaneous cough                                                                                                                
  Responds to voice/no external stimulus is required to elicit response                                                                       
  Drifts off/spontaneously pays attention to care provider                                                                                    
  Intermittently unsafe                                                                                                                       
  Does not consistently calm despite 5 min attempt/unable to console                                                                          
  Increased movement (restless, squirming)                                                                                                    
  2                                                                                                     Agitated                              May have difficulty breathing with ventilator
  Coughing spontaneously                                                                                                                      
  No external stimulus required to elicit response                                                                                            
  Spontaneously pays attention to care provider                                                                                               
  Unsafe (biting endotracheal tube, pulling at lines, cannot be left alone)                                                                   
  Unable to console                                                                                                                           
  Increased movement (restless, squirming or thrashing side‐to‐side, kicking legs)                                                            
  ----------------------------------------------------------------------------------------------------- ------------------------------------- -----------------------------------------------------------------------------
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However, a reliable and validated Japanese translation of the SBS has never been developed. The purpose of this study was to translate the original SBS into Japanese and evaluate the validity and reliability of this Japanese version of SBS.

Methods {#ams2379-sec-0006}
=======

Back‐translation {#ams2379-sec-0007}
----------------

After receiving written permission from the original author, Dr. Martha A. Q. Curley, we began the SBS translation with the back‐translation method to ensure linguistic and cultural equivalence. For this purpose, the adaptation of Brislin\'s translation model by Jones and colleagues was specifically selected for this project as this method involves multiple people in the translation process.[10](#ams2379-bib-0010){ref-type="ref"}

The translation process followed a series of steps (Fig. [1](#ams2379-fig-0001){ref-type="fig"}). In the first step, the main researcher translated the original version of SBS from English to Japanese to create a tentative Japanese version. The second step was for a professional translator not familiar with the SBS to retranslate this tentative Japanese version into a tentative English version. In the third step, a committee of eight medical professionals (two clinical researchers, two intensivists, two pediatricians, and two pediatric intensive care nurses) discussed the differences between the original English version and the tentative English version to reduce variability through the expertise of a multidisciplinary medical team. Based on the findings of this discussion, the Japanese version was revised to create the final Japanese version. In the fourth step, the final Japanese version of SBS was once again back‐translated to English by a professional translator. In the final step, the final back translation was then checked by the original author. Every effort was made to carefully execute all the steps in the translation processes to avoid the loss of any original meaning due to cultural or linguistic differences.

![Back‐translation method adapted from Jones *et al*.^10^ In step 1, the main researcher translated the original version of the state behavioral scale (SBS) from English to Japanese to create a tentative Japanese version. Step 2, this tentative Japanese version was retranslated into English to create a tentative English version by a professional translator not familiar with the SBS. Step 3, a committee of eight medical professionals (two clinical researchers, two intensivists, two pediatricians, and two pediatric intensive care nurses) discussed the differences between the original English version and the tentative English version to reduce variability through the expertise of a multidisciplinary medical team. Based on the findings of this discussion, the Japanese version was revised to create the final Japanese version. Step 4, the final Japanese version of SBS was once again back‐translated to English by a professional translator. In the final step, the final back‐translation was then checked by the original author.](AMS2-6-101-g001){#ams2379-fig-0001}

Patient sampling {#ams2379-sec-0008}
----------------

The validity and reliability of our Japanese version of SBS was evaluated at the University of Tsukuba Hospital ICU (Tsukuba, Japan) between December 2010 and May 2011. Patients under 18 years old who stayed in the Tsukuba University Hospital ICU for more than 24 h were recruited. As a result, a total of 31 enrolled patients aged 0 weeks to 8 years were then evaluated from a total of 59 encounters. Exclusion criteria were a neuromuscular blockade, non‐ventilated patients, and/or central nervous system disorders. This study was approved by the ethics board of the University of Tsukuba Hospital Clinical Research Ethics Review Committee (H22‐623).

A pair consisting of a trained researcher (registered nurse) and a trained nurse simultaneously and independently assessed a convenience sample of pediatric ICU patients on the SBS (the training period was for 1 month), visual analog scale (VAS), and Richmond Agitation--Sedation Scale (RASS). We started data collection when the trained researcher and trained nurse agreed that they had reached a common understanding of the SBS, eight dimensions of SBS, RASS, and VAS. The SBS sedation depth (−3 to +2) and eight dimensions (respiratory drive, response to ventilation, coughing, best response to stimulation, attentiveness to care provider, tolerance to care, consolability, and movement after consoled) were evaluated. Each dimension contained three to six scores that were used to calculate sedation and agitation levels. The SBS was assessed in the same way as the previous study.[8](#ams2379-bib-0008){ref-type="ref"} The VAS and RASS were used to assess the criterion validity of the SBS. The trained researcher and trained nurse scored a VAS from 0 to 100 mm by marking a single line on a scale anchored by the terms unresponsive and combative for each patient (the center of the line indicated alert and calm). The VAS was assessed before the SBS and RASS to preclude any influence that the sedation scales could have had on the researcher\'s and nurse\'s assessment of the VAS. The RASS evaluates sedation and agitation states in critically ill adult patients with a 10 step scale (+4 combative to −5 unarousable; Table [2](#ams2379-tbl-0002){ref-type="table"})[11](#ams2379-bib-0011){ref-type="ref"} and we used a Japanese version of RASS previously reported.[12](#ams2379-bib-0012){ref-type="ref"} The validity and reliability of RASS has already been established for children in pediatric ICUs.[13](#ams2379-bib-0013){ref-type="ref"}

###### 

Original version of the Richmond Agitation--Sedation Scale

  Score   Term                Description
  ------- ------------------- -------------------------------------------------------------------------------------------
  4       Combative           Overtly combative or violent; immediate danger to staff
  3       Very agitated       Pulls on or removes tube(s) or catheter(s) or has aggressive behavior toward staff
  2       Agitated            Frequent non‐purposeful movement or patient−ventilator dyssynchrony
  1       Restless            Anxious or apprehensive but movements not aggressive or vigorous
  0       Alert and calm      
  −1      Drowsy              Not fully alert, but has sustained (more than 10 s) awakening, with eye contact, to voice
  −2      Light sedation      Briefly (\<10 s) awakens with eye contact to voice
  −3      Moderate sedation   Any movement (but no eye contact) to voice
  −4      Deep sedation       No response to voice, but any movement to physical stimulation
  −5      Unarousable         No response to voice or physical stimulation
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Additional demographic and clinical data were recorded, including age, sex, Pediatric Risk of Mortality III score on admission,[14](#ams2379-bib-0014){ref-type="ref"} Pediatric Cerebral Performance Category,[15](#ams2379-bib-0015){ref-type="ref"} Pediatric Overall Performance Category,[15](#ams2379-bib-0015){ref-type="ref"} use of mechanical ventilation and sedative use at the time of assessment.

Statistical analysis {#ams2379-sec-0009}
--------------------

Patient characteristics analyzed were age, sex, cerebral and overall performance, mortality risk, use of mechanical ventilation, sedation, and analgesics. Inter‐rater reliability was determined for researcher and nurse SBS (SBS and eight dimensions) evaluations using weighted kappa (quadratic weights).

For criterion validity testing, Spearman\'s correlation coefficient was computed for the associations between nurse SBS scores and nurse VAS scores. For these calculations, SBS along eight dimensions and nurse VAS scores were used. To test the construct validity, researcher SBS scores and researcher RASS scores were compared using Spearman\'s correlation coefficient. The SBS value comparisons were calculated with segregation into subgroups based on age and administration of midazolam. Comparisons were made with the Mann--Whitney *U*‐test and Kruskal--Wallis rank‐sum test/[anova]{.smallcaps}, as appropriate.

All validity and reliability testing compared only unique first encounters to eliminate same‐patient encounter bias. All statistical analyses were carried out using [spss]{.smallcaps} version 24 (SPSS Inc., Chicago, IL, USA). Data collection and analyses were independently undertaken to the fullest extent possible.

Results {#ams2379-sec-0010}
=======

Back‐translation {#ams2379-sec-0011}
----------------

The final English version of SBS created by the back‐translation method was submitted to the original author, who then approved the back‐translated final English version of the SBS. The Japanese version of the SBS is displayed in [Table S1](#ams2379-sup-0001){ref-type="supplementary-material"}.

Patient characteristics {#ams2379-sec-0012}
-----------------------

During the test period, a total of 59 critical pediatric patient encounters in 31 patients were evaluated. The characteristics of the 59 ICU patient encounters are detailed in Table [3](#ams2379-tbl-0003){ref-type="table"}. The patient's age ranged from 0 weeks to 8 years. Age groups were: 0--1 year, 29 (49%); 1--3 years, 12 (20%); 3--8 years, 18 (31%). For the SBS, 75% of the scores had a sedation range of −3 to −1, 17% scored 0, and 8% were in the agitation range (1--2). There was no significant difference with respect to age groups in the three scores (SBS, RASS, and VAS).

###### 

Characteristics of the first encounters (*n* = 31) and all encounters (*n* = 59) of critical pediatric patients enrolled in this study

  Characteristic (first encounters)                              *n* = 31
  -------------------------------------------------------------- -----------------
  Age at enrollment (months), median (IQR)                       10 (2--42)
  Sex, frequency (%)                                             
  Female                                                         15 (48)
  Male                                                           16 (52)
  Pediatric cerebral performance category median (IQR)           1 (1--3)
  Pediatric overall performance category median (IQR)            1 (1--3)
  Pediatric risk of mortality III scores (day 1), median (IQR)   12 (7.25--20.8)

  All encounters                               *n* = 59
  -------------------------------------------- -----------
  Sedation and analgesics                      
  None (%)                                     0 (0.0)
  Midazolam only (%)                           2 (3.3)
  Dexmedetomidine only (%)                     3 (5.0)
  Fentanyl only (%)                            1 (1.7)
  Midazolam + dexmedetomidine (%)              13 (22.0)
  Midazolam + fentanyl (%)                     19 (32.0)
  Dexmedetomidine + fentanyl (%)               3 (5.0)
  Midazolam + dexmedetomidine + fentanyl (%)   18 (31.0)

IQR, interquartile range.
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Reliability {#ams2379-sec-0013}
-----------

In 59 paired observations by the researcher and nurse, both SBS scores showed excellent inter‐rater reliability with a weighted kappa of 0.96 (95% confidence interval \[CI\], 0.92--0.99) and both VAS scores had excellent correlation (ρ = 0.80 \[*P* \< 0.001\]). When analyzing only the first 31 encounters, the agreement was the same (κ = 0.95; 95% CI, 0.91--1.0; ρ = 0.74 \[*P* \< 0.001\]). Calculated SBS agreements for each age group were κ = 0.92 (95% CI, 0.85--0.99) for ages 0--1 year, κ = 1.00 (95% CI, 1.0--1.0) for ages 1--3 years, and κ = 0.94 (95% CI, 0.86--1.0) for ages 3--8 years (all calculations had *P* \< 0.001).

Weighted kappa coefficients for the eight dimensions of the SBS ranged from 0.71 (95% CI, 0.55--0.88; consolability) to 0.89 (95% CI, 0.80--0.98; best response to stimulation). When controlled for only the first observations (*n* = 31), weighted kappa coefficients ranged from 0.56 (95% CI, 0.28--0.84; movement after consoled) to 0.86 (95% CI, 0.67--1.0; consolability) as seen in Table [4](#ams2379-tbl-0004){ref-type="table"}.

###### 

Reliability of State Behavioral Scale (SBS) scores, translated from English to Japanese, determined by a researcher and a nurse

  SBS dimension                    Weighted κ ALL (95% CI)   Weighted κ FIRST (95% CI)
  -------------------------------- ------------------------- ---------------------------
  Respiratory drive                κ = 0.80 (0.69--0.92)     κ = 0.71 (0.48--0.93)
  Response to ventilation          κ = 0.77 (0.62--0.91)     κ = 0.55 (0.25--0.84)
  Coughing                         κ = 0.72 (0.57--0.86)     κ = 0.73 (0.48--0.97)
  Best response to stimulation     κ = 0.89 (0.80--0.98)     κ = 0.83 (0.66--1.0)
  Attentiveness to care provider   κ = 0.85 (0.75--0.95)     κ = 0.84 (0.68--0.99)
  Tolerance to care                κ = 0.88 (0.82--0.94)     κ = 0.80 (0.66--0.95)
  Consolability                    κ = 0.71 (0.55--0.88)     κ = 0.86 (0.67--1.0)
  Movement after consoled          κ = 0.78 (0.65--0.92)     κ = 0.56 (0.28--0.84)
  SBS                              κ = 0.96 (0.92--0.99)     κ = 0.95 (0.91--1.0)

Agreement was high to moderate between the nurse and researcher SBS scores for all patient encounters (*n* = 59) and first patient encounters (*n* = 31). CI, confidence interval.
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Validity {#ams2379-sec-0014}
--------

A total of 59 encounters were tested for criterion validity. The results showed that nurse SBS scores were strongly correlated with nurse VAS scores (ρ = 0.80, *P* \< 0.001; Fig. [2](#ams2379-fig-0002){ref-type="fig"}). These coefficients, representing eight dimensions of the nurse SBS and nurse VAS scores, were as follows: respiratory drive, ρ = 0.67 (*P* \< 0.001); response to ventilation, ρ = 0.59 (*P* \< 0.001); coughing, ρ = 0.72 (*P* \< 0.001); best response to stimulation, ρ = 0.84; attentiveness to care provider, ρ = 0.71 (*P* \< 0.001); tolerance to care, ρ = 0.74 (*P* \< 0.001); consolability, ρ = 0.75 (*P* \< 0.001); and movement after consoled, ρ = 0.57 (*P* \< 0.001). Age group correlation between nurse SBS and VAS scores was as follows: 0--1 year, ρ = 0.89 (*P* \< 0.001); 1--3 years, ρ = 0.84 (*P* \< 0.001); and 3--8 years, ρ = 0.66 (*P* = 0.002). When controlled for only the first patient observations, the nurse SBS scores correlated highly with the nurse VAS scores (ρ = 0.74, *P* \< 0.001).

![Correlation between nurse visual analog scale (VAS) and nurse State Behavioral Scale (SBS). The results show that nurse SBS scores were strongly correlated with nurse VAS scores (ρ = 0.80, *P* \< 0.001). Data are described as median and interquartile range from pediatric intensive care patient encounters (*n* = 59).](AMS2-6-101-g002){#ams2379-fig-0002}

Two results verified construct validity. First, the researcher SBS scores were significantly associated with the researcher RASS scores (ρ = 0.91, *P* \< 0.001; Fig. [3](#ams2379-fig-0003){ref-type="fig"}). Second, the SBS scores were significantly lower in patients treated with midazolam (*P* = 0.03). Age group correlation between researcher SBS and RASS scores were as follows: 0--1 year, ρ = 0.86 (*P* \< 0.001); 1--3 years, ρ = 0.88 (*P* \< 0.001); and 3--8 years, ρ = 0.96 (*P* \< 0.001). When controlled for only the unique patient encounters (*n* = 31), there was a correlation between researcher SBS and RASS scores (ρ = 0.90, *P* \< 0.001).

![Results show that the researcher State Behavioral Scale (SBS) scores were strongly correlated with researcher Richmond Agitation--Sedation Scale (RASS) scores (ρ = 0.91, *P* \< 0.001). Numbers in circles represent the number of pediatric intensive care patient encounters (*n* = 59).](AMS2-6-101-g003){#ams2379-fig-0003}

Discussion {#ams2379-sec-0015}
==========

We constructed and clinically validated a Japanese translation of the SBS that can be used as a valid sedation scale for critically ill children. Accuracy was guaranteed not by word‐for‐word translation but rather by using the back‐translation method. In order to take into account any cultural differences, we selected to use the Jones back‐translation method,[10](#ams2379-bib-0010){ref-type="ref"} which involves multiple medical disciplines and cultures to reduce such differences.

There was a very strong inter‐rater agreement rate between researcher SBS and nurse SBS scores. In addition, researcher VAS scores correlated highly with nurse VAS scores, leading to the conclusion that the SBS reflects both nurse and researcher opinions. Moderate to excellent inter‐rater reliability was indicated in all eight SBS dimensions. This kappa scores was more than to the original study.[8](#ams2379-bib-0008){ref-type="ref"} The previous study has already described the reliability of the modified Japanese version of SBS,[16](#ams2379-bib-0016){ref-type="ref"} however, it did not use the back‐translation method, agreement was only moderate, and dimension of "attentiveness to care provider" was poor. The difference in sample size between the present and previous studies could cause such a difference in outcomes, therefore, more future studies on the validity and reliability of SBS could be required.

Our Japanese version of the SBS was determined to have high validity as eight dimensions of the nurse SBS and nurse VAS scores showed moderate to strong correlation. Although there is no gold standard for comparison of sedation scales, VAS has been used in similar studies to validate sedation scales,[17](#ams2379-bib-0017){ref-type="ref"}, [18](#ams2379-bib-0018){ref-type="ref"} and for this reason we selected VAS scores as our standard. We used RASS as a sedation scale to measure validity as it has been validated in pediatric intensive care patients.[13](#ams2379-bib-0013){ref-type="ref"} Therefore, RASS has been tested and established as a valid measure of the clinical evaluative powers of nurses with regards to sedation states. Interestingly, validity and reliability results did not change in any age group when controlled for only the unique patient encounters (*n* = 31), further bolstering the efficacy of the translated SBS. Taken together, our results lead us to the conclusion that our back‐translated SBS is the first Japanese version that has been tested for validity and reliability and will therefore be useful in evaluating pediatric sedation and agitation states within Japanese pediatric patients.

Limitations {#ams2379-sec-0016}
-----------

Several limitations of this study should be acknowledged. First, our sampling methodology relied on patient availability, possibly imparting selection bias. Second, our study did not calculate exact patient sample size, although it was still similar to previous studies used to evaluate sedation tools.[19](#ams2379-bib-0019){ref-type="ref"}, [20](#ams2379-bib-0020){ref-type="ref"} Third, we analyzed the assessment from only one paired researcher and nurse. In the original study, the assessment nurse pair was randomly chosen from five trained nurses to assess the SBS.[8](#ams2379-bib-0008){ref-type="ref"} Thus, it was possible that the pair unconsciously gave VAS scores that were conveniently consistent with yet‐to‐be‐determined SBS and RASS. Fourth, non‐ventilated patients were excluded from SBS assessment, although there is a crucial need for sedation assessment in this population. For this reason, it might be necessary to develop a modified SBS adapted for non‐ventilated patients. Finally, this study was undertaken at only a single ICU as an initial validation test. Future studies at multiple ICUs will provide foundational data for testing of this new Japanese translation.

Conclusion {#ams2379-sec-0017}
==========

This study suggests that our Japanese version of the SBS is valid and reliable for evaluating sedation in pediatric intensive care patients.
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==========

Approval of the research protocol: The present study was approved by the ethics board of University of Tsukuba Hospital.

Informed consent: N/A.

Registry and registration no. of the study/trial: UMIN 000004713. Registered 14 December 2010.

Animal studies: N/A.

Conflict of interest: None declared.

Supporting information
======================

###### 

**Table S1.** Japanese version of the State Behavioral Scale.

###### 

Click here for additional data file.
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